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THE DYNAMIC BEHAVIOUR OF VALVE REEDS IN RECIPR
OCATING GAS COMPRESSORS
EXPERIMENTAL STUDY

Stamos Papas tergio u: Resea rch Stude nt
James Bro-wn: Reade r
John MacLaren: Profe ssor
Mecha nical Engin eering Group, Unive rsity of Strath
clyde , Glasgow, UK

ABSTRACT

An exper iment al inves tigati on was made of the dynamic

behav iour of a valve reed when subje cted to a
cycli cally varyin g press ure differ ence acros s
it.
Displa cemen t at point s on the reed were obtain
ed by
a Wayne Kerr displa cemen t transd ucer: a Kistl
er
piezo -elec tric transd ucer was used to measu re
the
pressu re-tim e histo ry acros s the valve .
There was good agreem ent betwe en the exper iment
al
value s of displa cemen t and theor etica l value s.
The theor etica l value s were predi cted by a simul
ation model , based on the finite eleme nt metho
d,
discu ssed in a previo us paper (1)

FIG, Z FINITE ELEMENT MODEL OF CANTILEV
ER REED VALVE

EXPERIMENTAL APPARATUS
Fig. 1 is a schem atic diagra m of the exper iment
al
circu it.
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Plate 1 Cylin der head with press ure transd ucer
(1)
displa cemen t transd ucer (2) and screen ed capac
itor
in paral lel.
The circu it used to measu re reed displa cemen t
included a high gain feedba ck ampli fier, and could
have provid ed linea r relati onshi p betwe en displa
cement and voltag e gener ated.
However, the small
size of the reed and the relati vely large displa
ments involv ed prohib ii;ed the use of a stand ard cedispla cemen t probe havin g suffic ient range yet
small enoug h to measu re the displa cemen t over
an
adequ ately small area on the reed.
The probe used
had a nomin al range of displa cemen t of 0.001
inche s.
With a screen ed conce ntric 30 pF capac itor in
parallel the range of the transd ucer was extend ed
but
its linea rity was lost and so (stati c) calib ration
was neces sary.

FIG.I. EXPERIM ENTAL CIRCUIT

A single cylind er compr essor pumping air was
driven
throug h vee-b elts by a varia ble speed elect ric
motor .
The origin al discha rge valve had a relat ively complex geome try and a backin g plate .
To
simpl ify this initia l study and reduc e the compu
ter
time and capac ity requi red to obtain the corre
spondi ng analy tical resul ts, a canti lever reed
clamp ed at the root replac ed the origin al discha
rge
valve (Fig. 2).
A small stud on the drive pulle y of the compr
essor
passe d an electr o-mag netic pick-u p and gener ated
a
signa l which indic ated the TDC of the piston .
A Wayne Kerr capac itive transd ucer was used to
record displa cemen t at point s along the centre
line
of the reed (Plate 1).

The modif ied displa cemen t transd ucer was then
able
to measu re displa cemen t and vibra tion ampli tudes
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from
:from 1.25 pm to 2.5 mm over a freque ncy range
DC to 10 kHz.
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NODE 28

Gould-Advance digit al storag e oscill oscop e with
read- out facil ities and a Watana'be multi cha!m el servo -oper ated pen recox· der havin g a
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The experimental results lie between two extremes of
boundary conditions absumed in the analysis: at one
extreme the clamping is assumed to be perfect, in
the other the reed is free to rotat.e at the point of
clamping.
The experimental results in Fi~. 3 lie
closer to the first limit and suggest that good
clamping had been obtained.
To account for a restricted degree of rotation at the cla~p, some extra
elements with increased rigidity could be added at
the root of the finite element model of the reed (1).
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It had been assumed in the ~~alysis that the damping coefficient was 1.0 E-4 (Fig. 3).
A value of
1.0 E-5 or even less would be more appropriate (see
Fig. 8, ~f. 1), and. would have improved the correlation between analytical and. experimental results
in Fig. 3.
A damping coefficient of 1. 0 E-4 results in a ratio
of damping to its critical for the first mode shape
of 0.015 while a damping coefficient of 1.0 E-5
would result in a value of 0.0015 (1).
The degree of damping imposed upon the reed in
operation might be significantly greater than that
obtained in the exveriment due to a combination of
the degree of clamping and the effect of aerodynamic
gas loading.
An increase of 4 - 5 times in the
logarithmic decrement and about 18 times in the
per cent error was experienced when the experiment
took place in an air stream of about 50 lit/min.

s

CONCLUSIONS
The displacement of points along a valve reed was
measured under dynamic conditions.
Good agreement
was achieved between the experimental records and
analytical resul·ts obtained from a simulation model
employing the finite element method (1), particularly
if damping effects have been over-estimated :i.n the
analysis.

defined as:

L
s

is the amplitude at any time
and
is the amplitude s cycles later.

Fig. q shows the damping of the fundamental mode of
vibration expressed in terms of an exponential decay
for a typical suction valve reed.
Neglect of damping resulted in an en·or i.n the
estimation of the fundamental natural frequency of
only 2.47 x 10- 4%.
Damping of the valve reed is
therefore almost negligible.

....

FIG.4. DAMPING OF THE FUNO,A,M":NTAL
MODE OF VIBRATION OF A TYPICAL
SUCTION VALVE REED WHEN AN
IMPACT LOAD IS APPLIED ATTIP

Damping of the valve movement is caused by external
envelopment of the reed by gas and by internal dry
friction.
Damping was examined by exciting a
similar reed (Ref. 1) in still air by an impact load
and allowing it to vibrate freely.
After the
excitation the valve vibrated in its fundamental
mode with higher modes superimposed.
These higher
modes died out quickly, however, and the decay of
the fundamental mode was measured from a trace of
the motion.
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olt,l.. At= 0·15sec. •1 TIME

placement probe, although the smallest available,
has an averaging effect over the displacement of a
finite area and cannot measure exactly the displacement at a point.
Also it is not certain
whether the Unite element model (Fig. 2) was the
best for this particular problem.
Some of the
elements have relatively high length/height ratio
which might affect accuracy.
Convergence studies
and models with a greater number of degrees of freedom were not attempted at this stage due to the
large requirement of computer time and capacity.
Since the reed was clamped at root and tip without
any free lift relatively large half-band width of
the matrices had to be handled by the computer.
The computer resources necessary are proportional to
the size of the matrices (number of degrees of freedom of the finite element model), their half-band
width and the time step used.
An analysis of stability showed that time steps twice the critical time
s·tep (1) gave stable results.
With larger time
steps, instability occurred.
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X=Ce

~ C=CONSTANT
o &:LOGARITHMIC DECREMENT(4·19rad/s)

A further discrepancy may arise because the dis-

b is

f THICKNESS 0·2032mm.

~

Small discrepancies between experimental and analytical results at node 28 (the por·t centre) may be a
consequence of the applied force in the finite
element being assumed concentrated at this point.
In a compressor the gas force is distributed over
the port area.

The logarithmic decrement

mi~

1-

Small discrepancies between experimental records
and predictions by the model were considered to be
due to imperfect clamping at the root of the reed in
practice.
The analytical model was able to account
for this imperfection by including at the clamped
root a degree of rotation restricted by an appropriate amount by adding extra finite elements
with increas~d rigidity at the root.
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ANTICIPATED

EA~ENSION

A more realistic situation is being studied where
the cantilever reed is clamped only at the root and
has a free lift at tip as far as a point stop.
Following a study of this geometry, typical of a
suction valve, the discharge valve with backing
plate as stop will be examined.
The theoretical model used predicts the stress
patterns on the reed under dyn&Jllic conditions (1).
Comparison between measured stresses and those predicted by the model under dynamic conditions is
being made.
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